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FLUID CIRCULATION ‘COOLING SYSTEMS 

Allan D. Kraus, Glen Cove, N.Y., assignor to Sperry 
Rand Corporation, a corporation of Delaware 

Filed Feb. 6, 1957, Ser. No. 638,533 

2 ‘Claims. (Cl. 257—313) 

This invention relates to a cooling system of the char 
acter in which the temperature of a circulating ?uid such 
as air within an enclosed area containing a primary 
heat radiating element therein is maintained within pre 
determined limits. The enclosed area may 'be provided by 
a closed assembly having one or more individual com 
partments each of whichcontains a plurality of heat ra 
diating elements in the path of the circulating ?uid. The 
radiating elements located in the separate compartments 
consist of a plurality of individual electrical components 
such as provide one or more ampli?ers, some of whose 
radiating parts are shown in the drawing. While the am 
pli?ers include many heat radiating components that may 
dissipate heat at different rates and be located in di?erent 
positions within the compartment provided for the same, 
each group of such components in a single compartment 

‘,may be considered a single heat radiating element for the 
purposes of the present application. Also, individual 
compartments may be provided in a single closed recep 
tacle for each of the collectively considered heat radiating 
elements. ‘ 

The primary object of the improved system is to main 
tain the circulating ?uid in the area of the primary ra 
diating element or elements in the receptacle within pre 
determined temperature limits to thereby provide for ef 
fective operation of the elements under optimum tempera 

Where the radiating elements are elec 
trical components of a type whose characteristics change 
with temperature, the system is e?ective to maintain uni 
form operating characteristics. 
The improved system is particularly useful in the cool 

ing of airborne electronic equipment wherein the weight 
and size of the elements must necessarily be kept at a 
minimum. The cooling medium used in such equipment 
may be air at the temperature of the atmosphere in which 
the craft is ?ying. Although this cooling ?uid may be at 
a relatively very low temperature in order to minimize 
the quantity of the ?uid required in the system, it has been 
found necessary‘ to raise the temperature of the entrant 
air to a value more acceptacle to the proper functioning 
of the electrical components that provide the heat dissi: 
pating elements of the system. One of the features of the 
present invention is accordingly provided by the use of a 
light weight heat exchanger in the system that preheats 
the entrant cooling ?uid or air in accordance with the heat 
supplied thereto from the ?uid downstream of the primary 
heat radiating element. Another feature of the invention 
is in the incorporation in the system of a relatively small 
‘and light weight means for heating the ?uid or air that is 
thermostatically controlled to cut in at a predetermined 
low point and cut oil at a predetermined high point. In 
the improved system, both the heat exchanger and sup 
plemental heating means and thermostatic controls of the 
combination cooperate to maintain the temperature of 
the ?uid or air in the area of the heat radiating component 
or components within a predetermined range. . 
A further feature of the invention is provided by ‘the 

incorporation of the individual essential elements of the 
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improved cooling system into a relatively small, light 
weight, packaged assembly such as may be used on an 
aircraft. 

Other objects, features and structural details of the in 
vention will be apparent from the following description 
when read in relation to the accompanying drawings, 
wherein, 

Fig. 1 is a perspective view of a packaged assembly 
constructed in accordance with the present inventive con 
cepts in which a portion of the cover is cut away to show 
the interior of the package, 

Fig. 2 is a sectional view of the unit taken on lines 2——2 
of Fig. 1, and 

Fig. 3 is a schematic view of the improved cooling sys 
tem showing the individual components thereof in un 
packaged relation. 
As shown in the drawing, the improved ?uid circulation 

cooling system includes a packaged assembly 10 which 
may be subdivided into a plurality of compartments as 
indicated at 11, 12 and 13 in Fig. 1. The assembly 10 
is provided by a closed hollow base 14 and a cover ele 
ment 15 that is ?xedly mounted thereon in any suitable 
manner. The base 14‘provides the chassis on which am 
pli?er components of the electrical components which 
provide the respective heat radiating elements are re 
spectively attached in conventional fashion. As illus 
tratively depicted only in Fig. 1, the electronic tubes 
shown therein represent the heat radiating components 
in the respective compartments of the assembly 10. Tubes 
16 contained in the compartment 11 are located therein 
in the path of a ?uid or airstream between in?ow and out 
?ow ends thereof as represented at 17 and 18 in Fig. 3. 
Tubes 19 are similarly located in the compartment 12. 
The tubes 20 are also located in similar fashion in the 
compartment 13. The in?ow ends of the respective com 
partments 12 and 13 shown in Fig. 3 are indicated at 21 
and 22. The respective out?ow ends 23 and 24 of the 
compartments 12 and 13 are indicated in Fig. 3. 
As shown in Figs. 1 and 2, the compartments provided 

in the assembly 10 are de?ned by the interior wall plates 
25, 26 and 27 which are ?xedly mounted in a suitable 
manner on the roof plate 28 of the hollow base 14. 
Crosswise arranged plate 26 divides the assembly length 
wise to provide an additional compartment 29 that is 
common to the respective compartments 12 and 13. The 
equivalent of this structure is indicated in Fig. 3 by the 
U-shaped conduit or connection 30‘ in which the ?uid 
divides as represented by the arrows at this point depicting 
the path of the ?uid or air ?ow in the system. 

In accordance with the present inventive concepts, the 
entrant ?uid or air is preheated by a small heat exchanger 
31 in accordance with heat supplied thereto from one or 
more of the heat radiating components depicted herein. 
The exchanger 31 is accordingly located downstream of 
the compartment 11 within the assembly in the in?ow 
passageway in the chassis or base 14. The heat exchanger 
shown is a tubular type that is mounted in the base 14 by 
being suitably ?xed to the roof plate 28 so that the open 
end of half of the tubes are respectively contained in the 
compartments 11 and 29 as separated by the cross plate 
26, Fig. 2. The closed end of the exchanger 31 is pro 
vided by a rectangularly shaped closed box 32 that 
facilitates fluid or air ?ow between the noted compart 
ments in the direction of the arrow noted at this point in 
Fig. 2. This construction provides a downstream ?uid 
connection to the out?ow end of the compartment 11 of 
the assembly. The conduit or pipe 33 provides an equiva 
lent arrangement in the unpackaged system shown in Fig. 
3, wherein the same connects the out?ow end 18 of the 
individual compartment 11 to the heat exchanger 31. This 
arrangement of elements in Figs. 1 and 2, also provides 
a connection from the exchanger 31 to the common in! 
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flow compartment 29 to the adjacent compartments 12 
and 13. A single instead of a dual arrangement of com 
partments or receptacles may be provided in this regard 
*wherein the same receives ?uid'at the in?ow’ end 21 ‘or 22 
thereof from ‘the exchanger 31 by'way'of (a conduit-or 
pipe 34 as shown in Fig. 3. The exchanger 31 v‘of the 
assembly connects the out?ow tendof the compartment 
11 to the in?ow end of the compartment 29iwhichiis ‘com 
mon to the parallel compartments.12,113. ' 
The upstream ?uid connection provided to compartment 

ll-isishown in‘Figspl and 2 as a passageway in the base 
-14 de?ned by side walls I35 and. 36l‘which extend length 
‘wise of the receptacle below "the ‘roof ‘plate .28 de?ning 
the bottom wall of the compartments 29 and '11. Fluid 
is supplied to the passageway byway ofasuitable hose 
or supply conduit (not shown) that ?ts in ‘the connector 
-37 ‘located on the base 14. The exchanger 31 'is‘ located 
‘in the upstream passageway, the ?uid 'or ‘air ?owing 
around the vertically disposed exchanger "tubes in the 
movement thereof along the passageway as indicated by 
the arrows at this point in Fig. 2 to'an'opening38 in the 
plate 23 which de?nes vthe in?ow end of the compartment 
.11. 'The equivalent structure shown in Fig. 3 isprovided 
by intake conduit or pipe ‘39 to the exchanger 31 and a 
second connecting conduit'or' pipe 40‘ from the exchanger 
131 to the in?ow end 17 of the compartment 11 ‘of the 
system. 1 

Means such as a pump 41 is shown in Fig. '3 to depict 
a ?uid circulator for‘the system. Where the system is vto 
‘be airborne, the ?uid-employed may be airwhich‘is ob 
.tained from the atmosphere surrounding the ‘craft. The 
‘temperature of the entrant air is dependent ‘of the altitude 
of the 'craftand the atmosphere conditions at such altitude. 
-Also, the circulating means may be provided by the move 
ment vof the craft. It will be understood that the system 
with such a ?uid is closed through the atmosphere. 
Where the medium employed is a cooling ?uid other than 
air, the system may be closed through a sump (not shown) 
that ‘receives exhaust ?uid from the out?ow ends 23 and 
~24 of the compartments 12 and 13 by way "of the ‘respec 
tive conduits or pipes 42 ‘and 43. In?ow to'the system is 
from the sump by way of conduit or pipe 39. The loca 
tion and capacity of the sump should also be such as_to 
assure vthat the ?uid or air supplied by the syster'nlto the 
inflow end of the compartment 11 be of a temperature 
that is lower than the temperature within the compart 
me'nt 11 where the illustrative heat radiating electrical 
components 16 are located. The out?ow ends of the 
compartments 12 and 13 shown in Figs. 1 and 2 are ‘pro_ 
vided by the respective openings 44 and 45 in the cover 
15. "The heat exchanger of the combination is located 
between the upstream and downstream connections to 
the compartment 11 so as to preheat the entrant ?uid in 
accordance with the heat supplied thereto from the ?uid 
‘downstream of the compartment 11. The system accord 
ingly utilizes the heat of the heat radiating electrical 
‘components 16 to preheat the entrant ?uid. The heat 
exchanger 31 also functions to cool the ?uid entering the 
in?ow end of the second compartment of the unit‘as con 
'stituted by one or more of the compartments 29, 13 and 
29, 12. 

Particularly, where the system is airborne and the 
entrant ?uid may be at a temperature very considerably 
below the range in which the electronic components cooled 
by the system should operate, the system‘ further includes 
suitable heating means for the ?uid or air as indicated at 
46. As shown, the heater 46 is located'in the compart 
rnent 11 between the in?ow and out?ow endsthereof. 
Further, the heater shown is an electrical type that is con 
trolled by a thermostat 47 also located in the compart 
ment-11 in accordance with the temperature of the ?uid or 
air therein to cut in at a predetermnied low point and cut 
'oi?fat a predetermined high point. 'The heat provided in 
the'compartment l'l'by the heating‘means 46 supplements 
the heat-radiated from the~electrical tubes 516*so that the 
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4 
heat provided the exchanger 31 is su?icient to vheat 'the 
entering fluid to prevent the electrical tubes 16 from op 
erating under temperature conditions below that for 
which the same were designed. Primarily, the heater 
46 is only operative under conditions where the atmos 
pheric temperature is very low. Under usually encoun 
tered conditions when the ampli?ers have become warmed 
su?icient heat ‘is obtained from the tubes 16fe?ective 
through the exchanger 31 to thermostatically cut off the 
‘heater '46. In operation, the exchanger and supplemen 
tal heater of vthe system cooperate to maintain the tem 
perature of the ?uid circulating in the area of the heat 
radiating bodies 16 within limits predetermined by the 
thermostat 47. The‘system is so designed that with the 
compartments 12 and 13 included, the exchanger 31 is also 
such as to cool the entrant air or ?uid for these compart 
ments to maintain the temperature of the ?uid circulat 
ing in the respective compartments of the closed recep 
tacle in-the areas of the respective heat radiating ele 
ments therein within predeterminedlimits. 
As a packaged assembly,-as shown in Figs. '1 and 2, the 

system contains the heating radiating electrical com 
ponents 16, 19 and 20‘,"the heater 46 and thermostat 47, 
‘the upstream and downstream connections and ‘the heat 
exchanger 31 between the'connections. The described 
system in packaged form is an electromechanical com 
ponent of a navigation system that requires accurate ‘tem 
perature control in order to maintain uniform ‘operating 
‘characteristics. ' 

While I have ‘described my invention in its preferred 
embodiments, it is to be understood that the words which 
‘I have used are words of description rather than of limita 
tion and that changes within the purview of the appended 
‘claims may be made without departing from the true scope 
and spirit of my invention in its broader aspects. 
What is claimed is: 
'1. A ?uid circulation cooling ‘system for maintaining 

the temperature of heat radiating, electrical components 
within a predetermined range of operation including a 
chassis with heat radiating, electrical components mounted 
thereon having wall plates compartmenting the compo 
‘nents and providing a 'E?uid in?ow passageway, ‘a cover 
?tting the chassis providing a closed assembly therewith 
‘having a ?rst ‘compartment with ‘a ?uid in?ow end con 
nected to the passageway, and a ?uid out?ow end, ‘a 
second compartment having a ?uid in?ow end, and a ?uid 
out?ow end, a heat exchanger within the assembly con 
necting the out?ow end of the ?rst compartment to the 
in?ow end of the second compartment located in the-in 
?ow passageway of the chassis, means for supplementing 
the heat exchanger to maintain the temperature of the 
cooling ?uid in the system within a predetermined‘range 
including a heater located in the ?rst compartment of 
the assembly to prevent the temperature of the ‘?uid 
from going below a predetermined low point and thermo 
static means tfor controlling the operation of the heater 
in accordance with the temperature of the ?uid in the 
?rst compartment to cut in at the low temperature point 
and cut off at a predetermined high temperature ‘point, 
and means for circulating the ?uid ‘through the‘passage 
way, compartments and heat exchanger of the assembly 
to preheat the circulating ?uid at the in?ow passageway 
in accordance with the temperature of the t?uid in ‘the 
?rst compartment and to cool the circulating ?uid at 
the in?ow end of the second compartment. 

2. In an air circulation cooling system for maintain 
ing the temperature of heat radiating, electrical com 
ponents within a predetermined range of operation, ‘a 
chassis with heat radiating, electrical components mounted 
thereon having wall plates compartmenting the com 
ponents and providing an in?ow passageway to the at‘ 
mosphere, a cover I?tting the chassis providing an ‘as 
sembly therewith having a ?rst'compartment with ‘an in 
?ow end connected to the ‘passageway, and an ‘out?ow 
end, ‘a second compartment having "an ‘in?ow 'end, and 
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an end exhausting to the atmosphere, a heat exchanger 
within the assembly between the out?ow end of the ?rst 
compartment ‘and the in?ow end of the second compart 
ment located in the in?ow passageway of the chassis to 
preheat the circulating air of the system at the in?ow 
passageway in accordance with the temperature of the 
air in the ?rst compartment and to cool the circulating 
air at the in?ow end of the second compartment, and 
means for supplementing the heat exchanger to main 
tain the temperature of the circulating air of the system 
within a predetermined range including a heater located 
in the ?rst compartment of the assembly to prevent the 
temperature of the air from going below a predetermined 
low point and thermostatic means for controlling the 

10 

operation of the heater in accordance with the tempera 
ture of the air in the ?rst comparment to cut in at the low 
temperature point and cut off ‘at a predetermined high 
temperature point. 
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